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INTRODUCTION 

n,pr>,nf , °f a Simple and efficient peptide synthesis 

methodology in the early 1960's (I) put a powerf7 research tool 
at the disposal of biologists and protein chemisS ^like T^us 
icti":: synthesis not oily bioi;gic^I; 

ohvil ^r^^^'l ^""^ ^^^^^t^ segments of proteins. it^s 

obvious froa the start, also, that this tecLlogy could le 
coupled vith longstanding immunologic procedures Sreby smaJl 
molecules can be used as antigenic materials (zj. Indeed Se 
approach was soon applied to a number of proteins in a oul'st t! 
find «hat features aade thm antigenic (3) It is fair ^o 

iSS's SinL tr"" T ^'^Ploited daring the igsl's and 

J"vi L a p;:thora o1'""' ''^ '^^^ sequencing have 

;„rt plethora of sequence information .about proteins real 

and putative, many of ,*ich have never been isolated nev^r 1?!^ 
Sr'eTici n ^ ucuS'fn'; Ta^fety": 

::^:;es^X'1 rirTe"if°"me1\' ^^^^^^^^^^ P"<^^="ve 

three-dimensional struc^Sre of / f ^^ "^ conjecture about the 
to Which DWproter-etLcl LS-clTTur is^ti^ ctemi^aJ 
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ir.il^T °^ P^P^"«s corresponding to portions of the protein 
Antibodies can be raised against these peptides, and tle^ 
turn can be used as tools for identifying and isolatil ttl 
proteins, as well as localizing them in vivo or characteriein^ 
t^adit¥.nS^- r^r^ peptidei-Zin also be S 3 

traditional ^mmmiizing agents for protection against viruses 
bacteria, Plasmodia or toxins. In this article «e review brl^fi; 
the history of synthetic peptides is. this area o7 ii'S L'" 
the^^anifold uses to ^ich antibodies^ to the« have be^n S 

"I" °^ isolated determinant for raisine 

™rrfi'\ f /'"^.^""^ corresponding intact proteto waf 

reported by Anderer in 1963 (4). He and his collaborators 
enzymatically cleaved the tobacco mosaic virus (mv) coat protein 

S inhTbif ^^""^ '''^ P^P^"^ fragments Lre 'abS 

to inhibit precipitation of the virus by rabbit antibodies toihe 
Virus. Ihese results indicated that antibodies against the viSj 

ilTt : . subsequently that antiserum against In 

l^fllt r^'l P'P"*^^ "^'^^^^ the carboxy terminus of th" 

mv protein, when coupled to bovine serum albumin (BSA) as a 
carrier gave rise to antibodies against the virus. Moreier 
antibodies to a synthetic version of that same peptide ZrT2lL 
to inactivate the infectivity of the virus (5.6^ " TsluSll 

r"i' isXTer?MV^- ^^>.^-^^^-^ -tiginic iter^SL' 
on the isolated 3MV protein. They synthesized one of the 
determinants, a decapeptide corresponding to an internal regJoJ 
of the polypeptide chain, and raised antibodies against It which 
bound to native IMV protein but not, interestingly enough to 
intact virus. The suggestion that this particular detemini Is 
not exposed in the virion was later confirmed when fte de"5led 

InnsyTSrbLe/ T .f^"?"^"^ ^-"^ diffraction 8 

in 1976 Langbeheim et al . (9) localized an antigenic determinant 

T ? "''^'^^ -nt'on^'l^l^^Ser^^ 

a peptide corresponding to this determinant that gave rise to 
neutralizing antibodies against the virus. 

••Iooo^'oIImhS ^^^''^ " (11) °« the 

loop peptide of lysozyme emphasized the importance of 
conformation of antigenic determinants. The "loop intide" 

rSSide Trid: '° '° °' lysozyme 7t T^s 

a disulfide bridge between residues 64 and 80. Antisera- aeainct 
native lysozyme react with the isolated loop peptide. ^ill 
versa, antisera raised against the "Inon rl^/^/ - / I 
PithB^ ^^^u^^t n ^samsc tne loop peptide, inroduced 

Jitit l^z^e enzymatic degradation, reaft with 

binfL An.t^fcodies against the "loop peptide" did not 

tilt ?heL?r ^ T concluded 
that the antigenic determinant contained in the "looo neDtide" 
aust be conformation-dependent. ■ ^ P^Ptide 

„f J^, appeared from these and other studies that the production 
of antisera against native proteins when peptides are used as 
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ANTIBODIES AGAINST SYNTHETIC PEPTIDES 

i..unogens required - JondUions Tixs^ '^^rTZ 
deteminauts in the protein J'ad ' ^ determinants 

presumed that P^P""^^^ determinants of the native 

Trftein anT^tfe "rres^oSing peptides used for ie^^i.ation 
wouU haX to have similar conformations. Presently, there are 
oSv a proteins for «hich both of these prerequisites can be 
-rSfilllar ' the other hand, there is a rapidly i-re^^^S 
nSber of proteins «hose amino acid sequences are available by 
iSerence Lan the nucleotide sequences of the corresponding 
tenes and it would be highly desirable if immunochemical 
procedures could be used in their identification and 

'"'"St^auTit appeared that raising antibodies against most 
of thist Ce-characterized" proteins vould be difficult, since 
pLedures 'for their purification had not ^-^^^f 
of these proteins occur in very small quantities, either m cell s 
or in extracellular fluids. Some have not even been identified 
v.t aTSuSh they are teown to exist on functional or genetic 
IroUt. MSeove/, until recently it seemed totally unrealistic 
to Tttempt the raising of antisera against peptide portions of 
to ^"^^P^ ?. antigenic and conformational properties 

iTrTZr^T^ S:\;tL^de is attested to by the complete 
absence of recorded attempts even though the ^-^^^^^y listed 

The publication of the nucleotide sequence of the entire 
c^viO r^nome (12 13). from which the amino acid sequences of the 
IZ Lrgrand in tumor antigens could ^J^'^f'^^^^ltrZ 
I asU Ihether antibodies -^^^^^^^/^f^jf J^^^:^ ^olT^T. 
neotides corresponding to specific regions oi t> 
Tilce le knew neither the antigenic determinants nor the 
three-diLnsional structure of these proteins, we -ho- jegjon^ 
fnr <5vnthesis and immunization based on theoretical 
fonsider^tions alone (size, amino acid composition, location in 
tte protein) Indeed, the antibodies produced were capable of 
factLg wilh native large T-^tigen (Figure 1> '^/--fj^:^? 
ir^m^M^-^lw that a prior knowledge of native antigenic 
S ri nants ^as ^necelsary (U). Since then ^^i^ ^PP^ach has 
been used successfully for preparing antisera ^Sa^^f \ ^J^" 
number of proteins, many encoded by viruses. In f^^^^^J 
oaraeraphs summarize our experience in preparing antipeptide 
Serl'a^d describe various applications in the study of viral and 
Tthlr proteins. We also discuss the potential for synthetic 
peptides as vaccines . 

NATURE OF A.HTIGENIC DETEMINANTS 

A very detailed and complete analysis of antigenic 
determinants has been carried out with sperm whale myoglobin and 
^fso^^e (3,15,16). proteins whose amino acid sequences and 
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Figure I. Immunoprecipltation of SVAO large T-antigen with 
antisera against synthetic peptides and inhibition of 
precipitation with synthetic peptides . Large T-antigen was 
immunoprecipitated from [^Ssjisethionine-labeled extracts of 
SV40-infected TC7 cells with antiserum to peptide A (upper panel) 
or to peptide B (lower panel) in the presence of various amounts 
(0.1-10 ug) of peptide A or B. Precipitates were analysed on a 
12,5% polyacrylamide gel. The lower portions of the gels do not 
contain radioactive bands and are not shown. Peptide A: 
AcKH-Het-Asp-Lys-Val-Leu-Asn-Arg-Tyr-COOH (amino terminus). Pep- 
tide B : NH2-I'ys"Fr o-Pro-Thr-Pro-Pro-Pr o-Glu"Pr o-Glu-Thr-COOH 
(carboxy terminus). The tyrosine residue in peptide A is not 
part of T-antigen at this position. It was used to couple the 
peptide to BSA (from Ref . 14). 



three-dimensional structures have been known for many years* In 
its native form myoglobin has five antigenic determinants, each 
of which consists of six to seven predominantly polar amino acids 
in a consecutive sequence. All are located on the putside of the 
molecule and usually, but not always, at bends between a-helical 
segments. Their length is approximately 20 A, similar to that of 
the antigen-combining site on the immunoglobin molecule, which 
covers an area of 15 x 6 A and is approximately 6 A deep (17). 
It is remarkable that the same five determinants, with little or 
no variation in sequence on either side, are recognised in 
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various species (rabbit, goat, chicken, cat, pig, mouse). There 
is, however, a variation in the response of individual hosts of 
the same species (3). In contrast to myoglobin, the determinants 
in lysozyme are not continuous in sequence but consist of amino 
acids contributed from different parts of the polypeptide chain. 

Avv^ently-Kll the natural determinants in myoglobin and lysozyme 

are conformation-dependent, i*e., antibodies against the native 
proteins do not recognize denatured proteins. In the case of 
lysozyme the antigenic structure is destroyed by oxidation of 
disulfide bridges (10,11). 

Recently the four antigenic determinants of the influenza 
virus hemagglutinin were elucidated by amino acid sequencing, 
X-ray diffraction and the selection of variants by growth of the 
virus in the presence of monoclonal antibodies against 
hemagglutinin (18,19). Other proteins whose antigenic 

determinants have been studied include cytochrome c (20,21), IHV 
protein, serum albumin (22), human hemoglobin (23-25), human IgG, 
(26) ferredoxin from Clostridium pasteurianum (27), myelin basic 
protein (28,29), bovine a-lactalbumin (30), hepatitis B surface 
antigen (31), structural protein VFl of foot and mouth disease 
virus (32), Streptococcus pyogenes H protein (33) and diphtheria 
toxin (34). Some of these proteins will be discussed in more 
detan below (see section on synthetic vaccines). 

CHOOSING SEQUEJ^ES FOR SYNTHESIS AS PEPTIDE ANTIGENS 

Given the complete or partial amino acid sequence of a 
protein, the main goal will be to select a region from this 
protein that is immunogenic when coupled to a carrier and that 
will give rise to antibodies that recognize the intact native 
and/ or denatured protein. Usually the selection must be 
successful in the absence of any experimental knowledge of the 
antigenic or three-dimensional structure of the protein. 
Consideration must be given, also, to the ultimate goal of the 
study. If the intent is to identify a protein by SDS»polyacryla- 
mide gel electrophoresis (PAGE) of an immunoprecipitate, then it 
is enough to select a region which is likely to be exposed in the 
isolated protein (although it is possible to use denatured 
proteins in these circumstances) . If the intent is to neutralize 
a virus, then the segment chosen must be also exposed m the 
intact virus. And if the goal is to block some physiologic 
function attributable to that protein, the segment must be near 
to or at the active or functional site of the protein. In all 
these cases it is reasonable to begin by selecting segments that 
are likely to be exposed in the individual protein. As such, 
peptide sequences that have substantial polar character will 
ordinarily be the segments of choice. This view is based on the 
longstanding notion that the interiors of proteins are 
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Where they have access to" the aqueous enviror.enM35)! 

Amino- and Carboxy-Terminal Sequences 
More often than not a c..-t«.-i.i 
careful -visual" exa^ina'tion "of l\TLiT ^^^^^^^ >^ 
Without recourse to a computer scan^ ^ v 
exposed in many proteins utLi^ I' . carboxy, terminus is 
carboxyl group f MoVl^v^ "TarW-Te^^^^ 

attached to carriers ^7 . carboxy-tenninal peptides can be 

thereby si.ula?i^^^^b^i;1at:?^lrpe:ra\cf ° 

same reasons, amino- terminal peptides Trl ii' 

although in this .case, one has 2 ^ alert to t^ g°c>d choices . 

various post-translational modifi,-7r< .to the possibility of 

Of initiating methioninrlesTdu^'^:." acTtylftl' '^'^ 

groups, especially in uncharacterized orot^Tn. ^. f 

thexr Dm sequences. The ^06111^ ^°^^ ,^°^°^^ ^^o-S^ 

different character from the mmodified le ^ '^'^^^ 

the nature of the amino-terminus is notTn". ''^^^ 

to split the synthetic peptidlTntoM " reasonable 

^ the event the native^m^Ite'r^lTIs "a^yratlrVhi'"^'^^'"^ ^'^^ 

common modification. In ^^^^^ ^^^y^ated, thus cover xiag one 

usually attached by theS ctr^box^l^tVrmrn'rrS^e^ ^^"^^^ 
Internal Sequences and Computer Scanning 

carboS-^e^rmSTril^li "s^^^.eftr ^^^^ ^ 

tlon of those segments mosr iili ^ ' but the identifica- 
facilitated by compft^ an^ysis A n"" K 'r'"^"'" ^"^^ 
suitable computer 'programs Se- alreaTy^ap: ar'T^^'^^^"^"^ 
they are all similar. A polarit/ scale for ^K ,n ^ 
side chains is devised anrf ^ "^^^ ^0 amino acid 

sively evaluated ro'vii'^ afe^r" ' '^^'^'^ P^^^^- 

usually set between 5 to 9 residues ^ k 

the most pronounced polar and non^ol,? "="^^"2 S^aph shows 

valleys (or vice-versa) (Figure 2)^ ^^^^ ^"'^ 

Rose (36) and Rose and Rov (^7^ ^^^^ ►v.^. 
such an approach could distinguish interin 

ones. At about the sa»e time Bolh J c, /^^"''^ exterior 
program devised by A ^^^^^^ ^Ploying a 

hydrophobicities of the h^apaitr'!^^ ^f'P^'^^^ the relative 
and fowl plague virus ^s!^lTt^orT '^"^ influenza virus 
in Viral antigenicity in t^ f °f interested in changes 

one hand, and a possible lack of anM .'?^'^ ^'^""^^ ■ ^l'- 
conserved regions, the ott?. lop^^lj ^^oClTr^' f.'l 
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guide for hydrophilicity a scale devised by Levitt (39), 
evaluated a dozen proteins with known antigenic determinants in 
an effort to correlate hydrophilic regions with antigenicity. 
Kyte and Boolittle (40) devised a scale that takes into account 
both hydrophobicity and hydrophilicity, using a property they 
called hydropathy (Or: "feeling for water") (Figure 2). 

The study by Hopp and Woods (30)^ asserts that not all 
antigenic determinants are * associated with peaks of 
hydrophilicity and, conversely, . not all hydrophilic regions 
necessarily represent antigenic determinants. This is not to say 
that the latter regions (hydrophilic but not antigenic in the 
native protein) are not suitable for raising antibodies. In 
fact, the carboxy-terminal region (eleven amino acids) of SV40 
large T-antigen appears not to be immunogenic in the native 
protein. When used for imisxmization , however, the same region in 
the form of a peptide-BSA conjugate induces antibodies that 
readily recognize the carboxy terminus in native large T (41). 
Thus, choosing a region for synthesis and immunization that is 
immunogenic in the native protein is not a prerequisite for the 
success of the peptide approach. 



Secondary Structure Predictions 

In addition to polarity, considerations of secondary 
structure can be helpful for selecting suitable sequences for 
synthesis. Thus, "g-turns" frequently exist in proteins as 
elbows jutting out frou the main body. Chou and Fasman i42,43) 
have shown that the amino acid residues most frequently occurring 
in turns are asparagine, aspartic acid, proline and glycine, 
proline most often occupying the second position from the 
amino- terminal end of the turn, as in Asn-Pro-Gly-X. 
Accordingly, Hopp and Woods (30) increased the "hydrophilic 
value" of proline in their conputer program. Ffaff and 
collaborators, in an evaluation of the antigenicity of 
foot-and-mouth disease virus capsid proteins, also considered the 
"sidedness" of a-helices, the helical wheel approach of Schiffer 
and Edmundson (44) being us^ as a guide for finding exposed 
segments (44a) . 

It should be pointed out that none of these programs is 
suitable for dealing with the conformation problem mentioned 
earlier. Clearly, antibodies recognize conformations that result 
from sequence and not sequence per se. For example, an ti sera 
prepared against fragments of ribonuclease react well with the 
fragments themselves but poorly with the native enzyme. 
Conversely, antibodies prepared against native ribonuclease react 
only weakly with "unfolded" fragments. The extent of reaction 
increases with increasing concentration of fragments, however, 
and it has been postulated that the random, unfolded forms of the 
fragments are in equilibrium with fragments in a native 
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configuration (45). The latter, representing a very small 
frJcS of the total, probably bind to the antibodies raised 
SiSt t^e native protein. Similar considerations could explain 
thy aJtisera agains? small peptides are capable of --ting vith 
— Jhe-nat-ive-proteins from which they are derived. Peptides may 
^Lrr^oLtion as a mixture of many different conformations 
that are in equilibrium. One of these may resemble the 
o^resrondiig region in the native protein -d " "co^iz^i by 
the immune system, may give rise to antibodies capable of 
reacting with the native protein. The majority of conformations 
however, may induce non-crossreactmg antibodies. It is also 
possible that antibodies against conformations that are similar 
to but not identical with the native conformation at first bind 
weakly to the native protein and then cause a change _ m 
conformation of the antigenic site, resulting in strong binding. 
Antibody-induced conformational changes have been described- 
(46 47). We have estimated that the fraction of antibodies m 
antipeptide sera capable of reacting with the native protein may 
be of the order of 0.1 to 1%, as one might expect given the above 
considerations. This fraction is ^s^^^^l^ "f 
and the affinity of the antibodies for the native proteins is 
high enough for most studies. 
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ATTACHMENT TO CAKRIERS 

At the time a segment is being selected for synthesis, 

attention should also be given to the intended mode of 
attachment, since the particular nature of the sequence can 
exclude certain attachment schemes. The reader should consult 
the rich source of attachment procedures ccmpiled m a book 
edited by Jaffe and Behrman (48). Four commonly used schemes 

glutaraldehyde for amino to amino coupling (49,14) 
water-soluble carbodiimides for carboxyl to amino 
coupling (50) 

bis-diazobenzidine (BDB) for tyrosine to tyrosine 

sidechain coupling (51,14), and . 
maleimidobenzoyl-N-hydroxysuccinimide ester for "upling 
cysteine (or other) sulfhydryls to amino groups (52,53). 

Each reagent has advantages and disadvantages. The general rule 
as far as the selection of sequences Is concerned is: the group 
involved in attachment should occd: only once in the sequence, 
preferably at the appropriate end of the segment. For ^ample, 
BDB should not be used if a tyrosine residue occurs in the main 
part of a sequence chosen for its potentially antigenic 
character. Similarly, centrally located lysines rule out the 
glutaraldehyde method, and the occurrences of aspartic and 
glutamic acids frequently exclude the carbodiimide approach. On 
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the other hand, siii table residues can be positioned at- either end 
of a chosen sequence segment as attachment sites, whether or not 
they occur in the "native*" protein sequence (14), 

Internal segments, unlike the amino avd carboxy termini, 
will differ significantly at the "unattached end" from the same 
sequence as it is found in the native protein where the 
polypeptide backbone is continuous* The problem can be^ remedied, 
to a degree, by acetylating the a-amino group and then" attaching 
the peptide by way of its carboxy terminus. 

The coupling efficiency to the carrier protein is 
conveniently measured by using a radioactively labeled peptide, 
prepared either by using a radioactive amino acid for one step of 
the synthesis or , by labeling the completed peptide by ^. the 
iodination of a tyrosine residue. The presence of tyrosine in 
the peptide also allows one to set up a sensitive radioimmuae 
assay, if desirable. Therefore, we often introduce tyrosine as a 
terminal residue if it is not part of the determinant already. 
Ve. have used BSA as a carrier in all cases, but others have used 
keyhole limpet hemocyanin (KLH) with good success (31,53-56).^ "^e 
prefer BSA because peptide-BSA conjugates are usually soluble 
whereas KLH has a tendency to precipitate during coupling. This 
makes KLH less convenient to handle, althougji it may actually 
increase its immunogenicity . In our experiments the molar ratios 
of peptide to BSA in various conjugates have ranged from 4 to 30. 



IHHUNIZATIOH 

The number of known effective immunization regimens is 
enormous (48). They differ in the amount of antigen used for the 
primary injection and subsequent boosts, the route of injection, 
the time schedule for injecting and bleeding, and the use of 
incomplete or complete Freund*s adjuvant. It would be very time 
consuming to check out all parameters, and \se have settled for a 
scheme that uses a high dose of conjugate, complete Freund^s 
adjuvant and intradermal injections at 20 different sites of the 
rabbit for the primary injection and subcutaneous and 
intramuscular injections for boosting in four-week intervals. 
Positive serum is usually obtained four weeks after the primary 
injection. In some cases the titers do not increase following 
boosting, whereas in others it may increase by a factor of 2 to 
5. In several instances antibody titers dropped drastically if 
boosting was discontinued for 3 to 4 months and did not increase 
again following additional boosts (G. Grob and G. Walter, 
unpublished). We do not understand this phenomenon. Individual 
rabbits may be poor responders. Accordingly we prefer to start 
immunizing three to four rabbits with one peptide and then keep 
only the good responders for collecting serum. It is recommended 
that boosting be continued over a period of 4 to 5 months since 
antibody production can increase during this period of time. 
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A fast, sensitive and quantitative assay for testing 
antipeptide sera is an enzyme-linked immunosorbant assay 
^(ELISA)-* Because the assay is qiiantitative and quick, it is 
\ighly recommended for screening individual bleeds from various 
immunized rabbits . Because of the extreme usefulness of this 
assay we describe it here in some detail. It is based on the 
method of Voller (57) and was adapted for testing antipeptide 
sera (H. HacArthur, R. Friis and G. Walter, unpublished). As in 
other solid phase immunoassays, the test is based on the tendency 
of macr ©molecules to adsorb nonspecific ally to plastic. The 
irreversibility of this reaction, without loss of immunological 
activity, allows the formation of antigen-antibody complexes with 
a simple separat'*:: such cc^plexes frc^ unbound material. 

To titrate antipeptide serum, peptide conjugated to a 
carrier different from that used in immunization is adsorbed to 
the wells of a 96-well microtiter plate. The adsorbed antigen is 
then allowed to react in the wlls with dilutions of antl-peptlde 
serum. Unbound antibody is washed away, and the remaining 
antigen- antibody complexes are allowed to react with antibody 
specific for the IgG of the immunized animal. This second 
antibody is conjugated to an enzyme such as alkaline 
phosphatase. A visible colored reaction product produced when 
the enzyme substrate is added Indicates, which wells have bound 
antipeptide antibodies. The use of spectrophotometer readings 
allows better quantification of the amount of peptlde-specif ic 
antibody bound. Eigh-titer antisera yield a linear titration 
curve between 10"^ and 10"^ dilutions. 

In many cases the goal is to identify a viral or cellular 
protein with antipeptide serum. The most direct way ^ for doing 
this is immune precipitation and analysis of the precipitate by 
PAC^. As an example, we usually test 10 and 100 ul of crude 
serum with 100 yl of radioactive cell extract from 1 to 2 x 10^ 
cells. As controls we use either prelmmme serm or Immune serum 
in combination with a large excess of the peptide used for 
immunization. The peptide competitively inhibits precipitation 
of specific proteins but not of nonspecific background. As such, 
this control proved invaluable when the protein to be identified 
represents only O.IZ or less of the total cellular proteins. The 
acrylamide gel will reveal numerous nonspecific proteins, many of 
which are more intense than the specific protein (58) (Figure 
3) . To reduce background and achieve identification of a 
particular protein, it may be necessary to purify peptlde- 
specif ic antibodies by affinity chromatography on peptide 
covalently coupled to Sepharose (58). 

Antipeptide sera are also useful for the intracellular 
localization of proteins by immunofluorescence. Positive titers 
of 1:50 to 1:2000 were obtained for an antiserum to the carboxy 
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Fieure 3. I«munoprecipitation of polyoma virus '"^'^i^^J. ^^^^^^^ 
Figure ,,uiar proteins with antiserum against the 

and ^"^^^""^.^ "JJ"^^„/ ^edi«B T-antigen, Lys-Arg-Ser-Arg- 
carboxy-ter^mal ^P^^^e^of ^^^^^ ^-d) or 

fed «ir^L''^Iy:- deTetion mutant (lanes^ 
radiolabeled 24-27 hr later. J"^ ?o p^ei^J^e 

10 vl of rat antitumor seru. J.ViL^an^ipeptide 

rat < J pfof contr'ol serl (thT Qow-through fro» the 

serum (c and g) , ^ 9^ /^^ antipeptide serum in 

affinity column) (l-es^ J^g of'UtidT(lanes i. 3. and 
?ri:rVU;tigi:; MX. iiddL ^-aTtlgen; ST, s.all T-anti- 
gl;. Lber? are B>olecular mass in kilodaltons (froa Ref . 58). 

terminus of SV40 large T-antigen. ^ ,f,/™Sr^ip^^^ 

tions the specific fluorescence is lahibitable by tne P^P 
!tT'to raiL the antibodies. For unknown reasons basic 
;:ftidrs l% prone to artifact in cellular settings (T. 

'"^"slnre"rris^°^e"^-turf of antipeptide sera to recognise 
o -fie rather than conformation-specific determinants, 
sequence-speciric ratnei una*. ^ ^. . v<„j ^n <;tr -denatured 

it is perhaps not surprising that they bind to SDS denat 
proteins Accordingly, antipeptide ^^"^ -^^^ ^f.^,,^! ^hi^ 
detecting specific proteins by ""^f f ^«„iffi„ed fro. 
technique proteins are electrophoretically transterr 
SDS-polyacrylamide gels onto nitrocellulose paper^ a^iplptide 
protLns may ^hen^ //-MdeVt^^Tf fvtS infec^l 'donkey 
TelS^s^frac^i^nl:^ ^VpA-B^Ld^t^ars 

TaU. large T-antigen can J -i^^^---^ SftrlX 
against the is worth mentioning 

unpublished observation). In this '^^'^^^^IJ;'-/'' ^„.q -.-^^^ 

iZt antiserum prepared against purified SDS-denatured SV40 large 
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T- antigen reacts with native and denatured large T, ^ereas 
antiserm against native large T-antigen {SV40 tumor serum) only 
reacts with the native protein. The transforming protein of Kous 
sarcoma virus, pSDsrc, is detectable on Western blots with anti- 
serum to the carboxy-terminal hexapeptide of p60src (B. Sefton 
and E- Nigg, personal communication). Oi the other hand, \^ were 
■unable — to detect polyoma' virus medium T-antigen by Western 
blotting with antiserum against the carboxy terminus of mediixm 
T. The reasons for this are not known. 
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Antisera against peptides may crossreact with other 
proteins, related and unrelated to the protein under study. This 
problen was recognized and aptly described by Anderer and 
Schlumberger as early as 1965 (5). They observed that antisera 
against the carboxy-termxnal hexapeptide region of the IHV 
vulgare structural protein crossreacted with the structural 
protein of IHV Dahlemense , whose carboxy- terminal sequence 
differs from that of strain vulgare In two positions: 

vulgare Thr-Ser-Gly-Fro-Ala-Thr 
Dahlemense Thr-Ser-Ala-Pro-Ala-Ser 

Furthermore, antisera against the carboxy- terminal penta-, 
tetra-, trl- and dl pep tides of strain vulgare also crossreacted 
with proteins from Dahlemense, A correlation between peptide 
size and crossreactivity was observed in that antisera against 
shorter peptides crossreact more strongly than those against 
longer ones. Crossreactlon was tested both by precipitation 
reacticm and neutralization of Infectivity. In all cases the 
reaction of antisera with the homologous virus (strain vulgare) 
was stronger. immune reactions were inhibltai by peptide, 

ruling out artifacts such as nonspecific adsorption.' 
Interestingly, antisera against longer peptides required more 
peptide for inhibition than antisera against shorter peptides, 
indicating that the antibodies against the longer peptides had a 
higher affinity. Surprisingly, antiserum against threonine 
alone, the carboxy- terminal residue, coupled to BSA, was capable 
of inactivating THV vulgare. This serum had no effect on TMV 
Dahlemense, which has carboxy-terminal serine (6). 

Recently, similar crossreactlons have been observed with 
other antipeptlde sera. Antibodies against the amino- terminal 
heptapeptide of $V40 large T-antlgen crossreact weakly with 
polyma virus large T-antlgen whose amlno-terminal sequence 
differs at two positions (60); 

SVAO Ac-Met-Asp-Lys-Val-Leu-Asn-Arg 
P ol y c^a Ac -He t - As p - Ar g-Val-Leu -S e r -Ar g 
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nn ««other front, antiserum against the carboxy-termlnal 
Sxa^?:\l of polyW virus -diu. T- ant ig«.cross^re acts vi^h 
two ^llular proteins froa uninfected mouse cells (mv 30 000 and 
^finnm fTieiie 3). In another case, antiserm against the 
ca;S-te4'inal hexapeptide sequence of pSOsrc ofJVS ^en used . 
at low concentration. is specific for p60src both in 
JLunoprecipitation and by "^""-f . 

crossreacts OTdy weakly with two cellular phosphoproteins (61). 
It high concentrations, however, additional crossreaction with 
three 'cytoskeletal proteins, myosin, tubulin and vimentin was 
«>,=»-r«»rf f62>> In all cases the observed crossreactions are 
Zlllilt ^ L se?se ttat they can be inhibited completely . with 
the corresponding peptides (Figure 3). ^ ^, 

What is the biological significance of the ol,se^ed 
crossreactions? Although it is tempting to speculate about 
fu^rti'al and evolutionary relationships between -"ssreacting 
proteins there is no evidence to suggest that such relationships 
exict 2'all cases mentioned above. Indeed. "---='-^7^^^- 
been found serendipitously between totally mrelated proteins 

^"^^Crossreactivities have also been observed with =«^o=lonal 
antibodies. although the functional significance m _ these 
instances has been questioned (63-65a). When a series of 
i^noSonal antibodies directed against SVAO large T-ant gen was 
isolated. for example. several reacted with P^^^i^^ 
uninfected cells (64). In no ca^ ^'fi' 
recognized by two (or more) antibodies of different specificity. 
It is possible, or even likely, that all these crossreactions are 
fortuitous. Crawford et al. (64) made an attewpt to estimate the 
expected frequency of random crossreaction and concluded that the 
frequency depends on the number of residues involved in a given 
epitope. Thus, they estimated that an antibody recognizi^ a 
sequefce of four or fewer amino acids was virtually ---^-J^^ 
encounter an identical sequence in another protein In almost any 
cell, but the odds against a heptapeptide match were of the order 

of 250 to 1 (64). J „^ ,1 {(,L\ 

Another interesting observation made by Crawford et al. (64 J 
was that all crossreacting monoclonal antibodies were directed 
against denaturation-insensitive determinants. "^^^^^^^ 
the antibodies directed against '^^"^"f ^^^^^-^f^'^tle 
determinants crossreacted with other proteins. Since f^^^P^Pj"^ 
sera are likely to be directed against denaturation-insensitive 
(sequence-specific) determinants, the questions and Problems 
related to crossreactivlty are of a similar nature for Joth 
monoclonal antibodies and antibodies to /^^f ^t^"^"^!; 
Another point to be considered is that immunization with a six to 
ten amino acid peptide most likely elicits ^ 
against a large number of determinants located on overlapping 
segments of the peptide or made up of different conformations of 
the peptide or segments thereof. This factor may increase the 



ANTIB' 

chanc 
an tig. 
limit 
butlo 

tant 

in o 
alway 
pepti 
cross 
Gene 



pept: 

chroi 

syntl 

six 

anti 

(66) 

frac 

Inou 

colu 

viru 

to i 

whic 

Fln£ 

an I 

typj 



f . DDOUTTLE 

xy-termitial 
reacts with 
30,000 and 
against the 
, vheti used . 

both in 
oscopy and 
teins (51). 
ac tion wL th 
men tin, vas 
actions are 
>letely with 

le observed 
-alate about 
r OS sre acting 
elationships 
activity has 
:ed proteins 

1 monoclonal 
in these 
1 series of 
-antigen was 
proteins in 
host protein 
specificity, 
-eactions are 
estimate the 
ided that the 
d in a given 
ecogniiing a 
y certain to 
SI almost any 
of the order 

d et al- (64) 
7ere directed 
reas none of 
ion- sensitive 
e antipeptide 
n-insensitive 
and problems 
ure for both 
ic peptides, 
with a six to 
nune response 
:i overlappiJig 
.formations of 
increase the 



ANTIBODIES AGAINST SYNTHETIC PEPTIDES 

chances for crossreaction. At present our knowledge of antibody- 
chances molecular scale is still quite 
antigen ^^^^^^^J^^^^/^ ^ Z understand the relative contri- 
bS : ' of cof^^^^^^^^^ and sequence to antigenicity. Generally 
ioeaSL! I't appears that as conformation becomes a more impor- 
^.n^ factor the chances for crossreaction decrease. 

BesSt; the potential problems arising from crossreactions 

Gene Products )• 



PEOTEXN FURIFICAtlON 



Antipeptide antibodies in corubination with the ^-^^^^^^^^J^f 
imrxpeps-xu nurification of proteins by affinity 

peptides can be f '^^"=^;fe^xsed ^tlbodies against the 
chromatography. rorex^ple «e _^^ corresponding to the 

S'^artxy-t^^Li' a«ilo Jids'of the polyoma virus »edi«« X- 
Slg^f (58) CO purify .edlu. T fro. Infected c^l ex ra ts 

^f^^-i^^i^:z^ - exfr^r^Jtryra 

rir^nf^^trdtens^lsTncrafed vith the -tlpeptide Sepharose 
Tllo. binding of the ™^<^i- J^-^^^^ r^ov^ ^ ^shl^" 

an icess ?f tL peptide. figure 4 illustrates the result of a 
rvnlcal binding and release experiment. 

Sis purification procedure has several advantages: 

1. The elution from the immunoaf f inity col«»n Is 
iLomDllshed by the use of an excess of peptide in 
accomplxsnea oy ^^^^ chaotropic 

isotonic salt P ^ ^his should yield 

^foreLri: /f^ct onS-sta^te^^h^ch «ay not always be 
The casl where denaturing conditions have been used for 

2 sib'sSntial purification can be achieved in a single 
stej " a short ti«e (2.500 fold in 4 hr in the case of 
Tel^ T-antigen). This will be a benefit where lab.le 
proteins are being examined. „.,r.^ f irations of 

3. unlike conventional methods. Pf ^'^';f,';"' ^or 

proteins ^e\'S'tre°\s:d T't^ purification 

T::::^ "^ou^ also be possible to use 
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MIGRATION 

Figure 4. Purification of polycma virus medium T-antigen by 
affinity chromatography, { 3 Ssj^ethionine- labeled extracts from 
105 mouse 3T6 cells infected with the polyoma virus deletion 
mutant dI-8 were immunoprecipitated vith 25 pi of antipeptide- 
Sepharose. Specifically bound proteins (a), proteins eluted by 
exposure to 10 Mg of peptide in 50 yl of KIPA buffer containing 1 
mH dithiothreitol (c), and proteins remaining after elutlon with 
peptide (b) were analysed by gel electrophoresis. The peaks 
corresponding to the medium T-antigen are shaded in each case 
(from Ref . 66) . 



the method to prepare large amounts of proteins by 
increasing the capacity of the column. 

4, The technique works well for the purification of pro- 
teins present in low concentrations in extracts. In 
general such proteins are difficult to purify by 
conventional means. . 

5. Since the procedure is fast and simple it can be used in 
situations where multiple samples are being analyzed as, 
for example, when wild type and mutant proteins are to 
be compared under various conditions . Another useful 
feature of this approach is that, it can be used sequen- 
tially. In principle, a protein purified through the 
use of one such immunoaf finity absorbent can be purified 
further by use of a second antiserum directed against 
another region of the same protein in combination with 
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the cognate peptide. In this way it should be possible 
to eliminate crossreacting proteins still present after 
the first purification. 

j Qn the case of medium T-antlgen ^ found that a non-denatur- 
ing mixture of detergents was required in additim to peptide for 
efficient elution of the protein fTom the antipeptide Sepharose 
(66). This is puzzling because the initial binding of the medium 
T-antigen to the antipeptide Sepharose can be prevented by pep- 
tide alone, and in the absence of detergents* Oae possible 
explanation is that after initial binding of the medium T-antigen 
to the antipeptide Sepharose secondary binding reactions occur 
which can only be reversed in the presence of detergents. In the 
case of medium T-antigei the hydrophobic region of 22 amino acids 
adjacent to the carboxy terminus may be responsible for a 
secondary interaction with the antibody. In -other cases 
detergents are not required for release. For example, the SV40 
large T-antigen, bound to Sepharose by antibodies directed 
against a carboxy-terminal peptide, can be eluted by the peptide 
alone <G. Grob and G. Halter, unpublished observations) . It is 
clear, therefore, that the conditions for the release of a 
protein bound to an antipeptide antibody will vary depending on 
the nature of both the protein and the peptide and will have to 
be optimized in each instance. In one instance, when SV40 large 
T-antigen was bound to antibodies against a peptide corresponding 
to the amino-termlnal eight amino acids, ^ have been unable to 
elute the protein with the peptide under any conditions tried 
(G. Grob and G. Walter, unpublished). 



SUBCELIUIAR LOCALIZATION CF PROTEIN 

Antisera against synthetic peptides can be used to determine 
the subcellular localizatioa of a viral or cellular protein -by 
indirect immunofluorescence microscopy. This approach has been 
successfully used for SV40 large T-antigen (41) at^i p60src of 
Rous sarcoma virus (Figure 5). Since the location of the anti- 
genic determinants recognized by antipeptide sera is known, 
specific statements about the arrangement or orientation of a 
protein in a particular cell compartment (for example, plasma 
membrane) can be made (67). In this respect, antipeptide sera 
have an advantage over conventional polyclonal or even monoclonal 
antibodies for \^ich the location of determinants recognized is 
usually unknown. For example, with antiserum against the carboxy 
terminus of SV40 ' large T-antigen it .was shown that the carboxy 
terminus of this protein is exposed on the surface of SV40 
transformed cells (41). In general, by using antibodies against 
various regions of a membrane protein its topography on either 
side of the membrane can be delineated « Because of potential 
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crossreactivity problems, however, caution must be exercised in 
the use of antipeptide sera in itnmunof luorescent microscopy (62). 
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Antibodies to synthetic peptides provide a novel approach 
for the identification, isolation and characterization of unknown 
proteins whose genes have been isolated and sequenced (14)- One 
such example is the identification of the transforming protein of 
Moloney murine sarcoma virus (HuSV) (68,69). The gene encoding 
this protein had been sequenced (70,71) and shortly thereafter 
antisera were produced against a synthetic peptide based on its 
predicted carboxy terminus. The antisera were able to 
precipitate a protein of 37 K, ^corresponding to the transforming 
Lne. The protein represents only 0,t)002 to 0.00087. of the total 
cellular protein in the HuSV-trans formed cells (10,000 to 40,000 
molecules per cell) and was detectable on polyacrylamide gels as 
a minor band which could only be distinguished from many 
background proteins by specific inhibition with excess peptide 
(69). Previous attempts to immuno precipitate this protein wxth 
conventional tumor sera had been unsuccessful. 

Antibodies have been produced against synthetic peptides 
corresponding to the carboxy-terminal sequence of the polio virus 
genome-linked protein VPg (72,73). These antibodies, in addition 
to precipitating VPg, precipitate precursor proteins containing 
the sequence of VPg at their carboxy terminus. In another case, 
a hypothetical protein ixcm human mitochondria, URF6L, has been 
identified on the basis of precipitation by antibodies raised 
against a peptide corresponding to its theoretical carboxy 
terminus (Hariottini et al in preparation) . 

A large number of viral and cellular gene products await 
identification in the future. In many cases these proteins will 
be minor components and therefore difficult to identify aiKi to 
purify. In such circumstances the "peptide approach" is clearly 
the method of choice. Still, care must be taken in making 
judgments as shown by one study where a supposed new gene product 
encoded by a mouse leukemia virus (Ho-HuLV) was precipitated by 
antipeptide serum but turned out later to be a known structural 
protein (pl5E) of the virus (74,75). 

SYNTHETIC PEPTIDES AS VACCINES 

The drawbacks of presently used vaccines and the future 
prospects of synthetic vaccines have been discussed by others 
(76-80). In the following section we outline only the most 
recent developments. It is fair to say that the "dream of 
synthetic vaccines" (79) has drawn somewhat closer to reality. 
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Foot-and-mouth disease virus is a positive-strand RKA virus 
of the picomavirus family whose capsid is made of four proteins, 
VPl to VPA. As far as -is known, neutralizing aatibodies against 
FHDV are induced by VPl only. In a recent study various defined . 
fragments of VPl, obtained by cleavage with cyanogen bromide and 
proteolytic enzymes, were tested for their ability to induce 
neutralizing antibodies to the virus (32), Two regions of VPl, 
one between amino acids 138' and 154, the other between 200 and 
the carboxy terminus , were found to be crucial for raising 
neutralizing antibodies* The amino acid sequences of VPl from 
two strains of type A and one of type 0 have been deduced from 
nucleic acid sequences (81-83). 2n all cases, the carboxy 
terminus can be cleaved off without loss of infectivity %^ereas 
cleavage within the region from 138 to 154 destroys infectivity. 
It is assumed that the latter part plays a role in attachment of 
the virus to the cell (32). 

Making use of this information, two groups have attempted to 
raise neutralizing antibodies against FHBV with synthetic pep- 
tides as immunogens. Bittle et al . (56) immunized with peptides 
corresponding to the amino- and carboxy-terminal regions of VPl 
and one from the central region (residues 141 to 160). The 
choice of these regions was based on amino acid sequence compari- 
sons between VPl of different virus strains, which show an 
increased variability in the middle and carboxy-terminal hvz not 
the amino- terminal region . Therefore , the middle and carboxy- 
terminal regions might be targets of the immune system and 
subject to change under selective pressure. Virus-neutralizing 
activity was obtained with peptide 141 to 160 atd peptide 190 to 
213 (carboxy terminus) but not with amino- terminal peptides. 
Immunization with peptide 141 to 160 also resulted in protection 
of guinea pigs against viral infection. The authors claim that 
the protection is 10% of that obtained with inactivated virus and 
orders of magnitude better than that obtained with isolated VPl. 
This is in contrast to results obtained by Kleid aid collabo- 
rators (82) who claim that genetically engineered VPl (2 x 10^ 
molecules per bacterium) is as good as peptide in protection 
experiments. For obvious reasons controversies in this area of 
research are not always dictated merely by scientific aspects 
(84,85). It is interesting that antiserum to peptide 141 to 160 
does not react with VPl on T^estem blots, possibly indicating 
that the peptide assumes a conformation \^ich is different from 
the corresponding region in SDS-denatured VPl. Possibly this 
peptide assumes a conformation more similar to the corresponding 
region of VPl present in intact virus than in SDS-denatured VPl 
(56). This would also explain why antiserum against SDS- 
denatured VPl shows little if any neutralizing activity. 
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Ffaff and co-workers used the helical wheel presentation 
(AAa) to select a region from amino acid 144 to 159 of V?l as a 
potential immunogenic site (E. Pfaff, personal commuriication) . 
They successfully produced virus -neutralizing antibodies against 
a synthetic peptide corresponding to this region. Interestingly, 
almost all virus-neutralizing activity in antiserum against virus 
can be adsorbed out by the peptide, indicating that this region 
represents the dominant inaaunogenic site on the viral surface. 
These investigators point out that region 144 to 159 was not 
particularly obvious as a potential itamunogenic determinant when 
the amino acid sequence of VPl was analyzed by the Hopp and Woods 
(30) program, whereas it was obvious in the helical wheel presen- 
tation of Schiffer and Edmundson (44). 



Polio Virus 

It is remarkable that the immunogenic " structure of polio 
virus is still unknown despite the fact that polio virus vaccines 
have been in use for over two decades (86,87). It appears that 
the epitopes responsible for inducing neutralizing antibody are 
extremely conformation- sensitive and dependent . on the structure 
of intact virions. Even empty viral capsids elicit only a weak 
immune response. Recently, two hybridomas producing neutralizing 
antibodies against polio virus have been described. It was shown 
by crosslinking experiments that these antibodies bind to differ- 
ent sites on VPl in intact virions (88). Variants of polio 
virus, not neutralized by these monoclonal antibodies, arise with 
high frequency during propagation of the virus. This finding 
indicates that the sites recognized by these two monoclonal 
antibodies are important immunogenic determinants with respect to 
virus-neutralization. One can expect that these studies will 
lead to a better understanding of the immunogenic structure of 
polio virus in the near future. 



Influenza Virus 

The three-dimensional structure of influenza virus 

hemagglutinin (HA) , the major protein on tl^ viral surface, has 
been elucidated in great detail by X-ray diffraction, and the 
locations of four antigenic sites on the HA molecule have been 
determined (18,19,89). Amino acid substitutions at these sites 
caused by mutation lead to the develo|mient of new viral strains 
with changed immunogenic properties. Site A (amino. a;ids 140 to 
146) is a loop of seven amino acids protruding frcm the surface 
of the molecule. Site B (amino ^ids 187 to 196) is a -helical 
and involved in binding of the virus to the cell receptor. Site 
C is located close to a disulfide bridge Involving Cys 52 and Cys 
278. Several non-contiguous amino acids contribute to this 
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site- Site D embraces amino acids 207 to 220; this^ site is 
unusual in that mutations (amino acid substitutions) affecting 
its interaction vitb antibodies are located outside of the site 
itself. As pointed out by Wiley et al. (19), it is not 
altogether understood why only these regions are immunogenic 
whereas others are not, although their prominence in the SOAP 
profile of Kyte and Boolittle is noteworthy {Figure 6). 

Efforts to raise antibodies against EA have been -made in 
three laboratories. Green et al . (55) used 20 synthetic peptides 
covering 151 of the HA polypeptide sequence. All peptides were 
immunogenic and most reacted weakly vith HA or virus. It is not 
apparent from this study to what extent and by which criteria the 
antisera affect virus infectivity. It is interesting, although 
not unexpected, that none of the synthetic peptides was 
recognized by antiserum directed against vhole virus, indicating 
that the conformations of the peptides ami their corresponding 
regions in the protein are very different. It also emphasizes 
the point made earlier that antibodies directed against native 
proteins (conformational determinants) show less crossreaction 
than those against peptides (sequential determinants). One would 
have expected that peptides corresponding to those regions in the 
HA molecule where "natural" immunogenic determinants are located 
(sites A to D) would elicit a better and more specific response 
to HA and virus than antibodies against other regions. Such was 
not the case, however; on the contrary, antisera against several 
peptides covering site A, the protruding loop, did not react with 
HA or virus { 55) . 

Jackson et al. (90) also synthesized a peptide (amino acids 
123 to 151) covering the "loop" region (residue 140-146) and 
raised antibodies against it. J^o binding of the antipeptide 
antibodies to the virus was observed, however- There was some 
crossreaction between viriis and pepti<k with antibodies against 
the virus, in contrast to the study by Green et al . (55). In a 
study by Huller et al. (91) a peptic^ corresponding to residues 
91 to 108 of HA was synthesized and used for raising antibodies. 
Although this peptide does not overlap with any of the four 
antigenic sites in the native protein, it elicits antibodies in 
mice that confer partial protection against a challenge with 
mouse-adapted Influenza virus. The authors point out the 
possible advantage of using a peptide corresponding to a 
conserved region of the HA molecule, avoiding the regions viruses 
may use to escape the immme systas by antigenic drifting and 
shifting. 



Hepatitis B Virus (H8V) 

An estimated 200 million persons throughout the world are 

carriers of H5V, and 80,000 to 100,000 new cases occur in the 

U.S. each year, 10% of whom becc^ chronic carriers of the 
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disease (92,93) . The development of a conventional type of 
vaccine has not been possible because of the lack of a*^ tissue 
culture system for the propagation of HBV. The only source for a 
vaccine has been the blood of HBV~carriers , which contains empty 
virus envelopes consisting of lipid and protein (93). A vaccine 
can be prepared by purifying the envelopes (92) or the major 
envelope protein (HBsAg, surface antigen) (94), which occurs in 
an unglycosylated (mw 25,000) and a glycosylated form (mfw^around 
29,000). This type of vaccine has several drawbacks, including 
high cost and long procedures of purification and safety testing 
(65 weeks) . Therefore , the development of a synthetic vaccine 
appears to be attractive , and several groups have initiated 
studies along this line. The 226-residue sequence of HBsAg was 
deduced from the nucleotide sequence of DM (95-99). By Chou and 
Tasman analysis, only AX of the molecule is a-helical (95). 
There are three hydrophobic regions occurring as B~pleated 
sheets, two at each end (residues 1 to 31 and 157 to 226) and one 
in the middle (residues 75 to 109). Two hydrophilic regions 
(residues 32 to 74, and 110 to 156) are located on either side of 
the hydrophobic region in the middle. It has been suggested that 
the three hydrophobic regions anchor the molecule in the plasma 
membrane and that the hydrophilic regions are exposed on the 
outside of the envelope and carry the immunogenic determinants 
(93) . Variolas considerations and computer programs indicated 
that the most immunogenic region might be located around amino 
acid 145. Several peptides have been synthesized based on an 
analysis yielding the highest probability for 5- turns between 
amino acids 142 to 145 (31,100). Prince et al . (101) and Hopp 

(102) used the computer program of Hopp and ^oods (30) to locate 
the point of highest average hydrophilic! ty at residues 143 and 
144. l^ey synthesized a peptide corresponding to amino acids 138 
to 149. The program of Kyte and Doolittle (40), which is similar 
to that of Hopp and Woods, was used by Lerner et al . (53) for the 
selection of several peptides from various regions throughout the 
molecule (Figure 2). !^eurath et al . (54) synthesized the region 
corresponding to amino acids 135 to 155 based on the observation 
that chemical modification of lysine residues within this region 
resulted in loss of antigenicity. Finally, Breesman et al . 

(103) , on the basis of a high probability for turns and high 
hydrophilicity , chose the same general area and synthesized a 
peptide including amino acids 117 to 137, They also introduced a 
disulfide bridge between Cys 125 and Cys 137 in order to create a 
cyclic peptide. 

The main results from the immunological studies of these 
synthetic peptides can be summarized as follows : 1 . Most 
peptides were found to be immunogenic; only a few peptides failed 
to elicit an immune response (53). 2. Peptides corresponding to 
several regions throughout the HBsAg molecule can elicit anti- 
bodies, against HBsAg. 3. Peptides including the amino acids 139 
to 147 not only elicit antibodies against native HBsAg, but 
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in addition, this region is a major determinant in the native 
antigen (31). 4. The crossreactivity betwe^ peptides including 
region 139 to 147 and native HBsAg is veak. The following 
equilibrium constants have been measured: 1.4 x 10^ for the 
reaction of HBsAg with anti-HBsAg, 3«8 x 10^ for the reaction P 

135=0.5 5 ^,J^P tide Including amino acids 135 to 155) with anti P 

135-155, and 4.3 x 10^ for the reaction HBsAg with anti P 135-155 
(54), 

A computer prediction of the HBsAg structure reveals two 
prominent hydrophilic regions that, in theory, might be suitable 
for synthetic vaccines ( "A" and "B" in Figure 2) . Since the 
region labeled "B" (res. 140 to 145) is known to be the major 
antigenic determinant in the native protein (31) , it must be 
exposed. If the region labeled "H" is a membrane-spanning 
segment, then the hydrophilic region denoted "A" would be located 
on the other side of the membrane aiKi unavailable for interac- 
tion, in spite of its hydrophilic nature. 



S treptococcus pyogenes 

The H protein on the surface of S treptococcus pyogenes cells 
provides resistance of the organism to killing by phagocytic 
cells in the blood. Antibodies against the M protein eliminate 
the resistance and allow rapid removal of Invadingstreptococci 
from the blood. Attempts to immunize hximans against 

streptococcal infections have been impeded by the occurrence of 
rheumatic fever and rheumatic heart disease as toxic side effects 
of immunization. This was also the case \^en purified H protein 
was used for immxinization. It has been conjectured that 
rhetmatic heart disease might be caused by an immunological 
crossreaction between the H protein and heart tissue, T^us, it 
was of interest to find whether immunization could be achieved by 
small fragments of the H protein, thereby reducing the chance of 
crossreaction. Becently, Beachey et al. (33) synthesized 35- and 
12-amino acid long fragments of the H protein and, by passive 
immunization with rabbit antibodies against these peptides, 
achieved effective protection for mice against streptococcal 
infection. 



Further Examples of Antisera Against Synthetic Peptides 

Antiserum against a tetradecapeptide corresponding to a 
region in diphtheria toxin effectively neutralized its 
dermonecrotic and lethal effects in guinea pigs (34). Also, a 
decapeptide fragment of pSOsrc of Rous sarcoma virus, correspond- 
ing to residues 415 to 424, gave rise to antibodies that 
Immunoprecipitated p60src and crossreacted with transforming P90 
of Y 73, another chicken virus (104). Another serum against p60 
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src was produced xasing a peptide corresponding to residues A98 to 
512, and these antibodies immunoprecipitated various sixains of 
Rous sarcma virus as well as P105, the transforming protein of 
chicken sarcoma virus PRCII (L.A. Rohrscheider , personal communi- 
cation). An antiserum against the carboxy terminus of polio 
virus protein p63 was used to demonstrate that the polio virus 
replicase and polyuridylic acid synthetase activities are 
intrinsic properties of this protein (105), Branton> and his 
collaborators successfully iised synthetic peptides to produce 
an ti sera against the 58 K protein encoded by the region ElB aiKi a 
series of overlapping proteins encoded by region ElA of human 
adenovirus type 5. The amino acid sequences for these proteins 
had been deduced frc^ the nucleotide sequences of Ad5 DHA (?, 
Branton, personal communication). Schaffhausen et al. succeeded' 
in raising antibodies against a nonapeptlde corresponding to an 
internal region of polyoma virus medium T-antigen (residues 311 
to 319) including the tyrosine phosphorylation site (residue 315) 
of this protein. Kot unexpectedly, the antiserum prevented 
phosphorylation of tyrosine 315 by the medium T-antlgen- 
associated kinase activity. It is interesting that the antiserum 
precipitates only that fraction of medi™ T-antigen ^ich is 
unphosphorylated at tyrosine 315 (IDS). Finally, Harvey et al. 
prepared antiserum against the carboxy-terminal six amino acids 
of SV40 small T-antlgen (107). It Immunopreclpltates small 
T-antigen synthesized in vivo and in vitro . raised antlsera 

against the same hexapeptide and fouiKi that it precipitated small 
T-antigen more efficiently when the extracts had been pre-treated 
with the SB-group reagent K-ethyl malelmlde (HEM), indicating 
that the carboxy terminus of small T-antigen may be inaccessible 
to the antibody and becones exposed after HEM treatment (G. 
Walter and R.F. Doolittle, unpublished). 



SIHHARY 

After a long incubation period, the notion that synthetic 
peptides can be effectively used as immunogenic congeners of real 
proteins fin ally ■ was realized by community at large, spurred 

as it was by the explosion of DKA sequence data. Thus, in the 
last two years there has been a plethora of reports based on this 
technique, some identifying putative gene products, others 
establishing initiatlm and termination points, and some locating 
proteins in a subcellular sense. In addition to these basic 
research-oriented studies, there has been a barrage of studies 
aimed at generating synthetic peptide vaccines. How practical 
this latter approach may be has yet to be established, but the 
outlook is promising indeed. 
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